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Abstract — Hybrid Fiber-Wireless (FiWi) networks become 
rapidly mature and represent a promising candidate for 
reducing power consumption, costs, and bandwidth bottlenecks 
of next-generation broadband access networks. Two key FiWi 
technologies with similar design goals are Ethernet Passive 
Optical Network (EPON) and WiMAX. Fiber- Wireless (FiWi) 
broadband access network is a promising “last mile” access 
technology, because it integrates wireless and optical access 
technologies in terms of their respective merits, such as high 
capacity and stable transmission from optical access technology, 
and easy deployment and flexibility from wireless access 
technology. Since FiWi is expected to carry a large amount of 
traffic, numerous traffic flows may be interrupted by the failure 
of network components. In this paper, we discuss the FiWi 
technology for future internet. 

Index Terms — EPON, FiWi, Power , Consumption, 
WiMAX. 


I. Introduction 

Fiber- to-the-x (FTTx) networks bring fiber close or all the 
way to the end user, whereby x denotes the discontinuity 
between optical fiber and some other, either wired or wireless, 
transmission medium. For instance, hybrid optical 
fiber-twisted copper pair architectures are widely deployed by 
telephone companies in today’s Digital Subscriber 
Line (DSL) based broadband access networks. However, 
recent studies indicate that in terms of power consumption 
and economic sustainability there is a clear advantage of 
replacing legacy copper infrastructure with optical fiber, 
giving rise to “green” all-optical access networks [1]. The 
emergence of quad-play services (voice, video, data, and 
mobility) leads to a stronger integration of optical and 
wireless access networks. The resultant bimodal 
Fiber- Wireless (FiWi) access networks aim at providing 
wired and wireless services over the same infrastructure 
simultaneously, thus potentially leading to major cost savings. 
FiWi networks hold great promise to mitigate the digital 
divide and change the way we live and work by replacing 
commuting with teleworking [2]. Recently, various FiWi 
network architectures have been investigated by integrating 
different optical and wireless technologies [3]. Stanford 
University’s multi-tier opticalwireless network architecture 
proposed in [4] might be viewed as a state-of-the-art FiWi 
network which allows for the gradual capacity upgrade of the 
wireless backhaul with optical point-to-point and/or 
Point-to-MultiPoint (PMP) Wavelength Division 
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Multiplexing (WDM) fiber links. While introducing optical 
fiber at higher network layers, e.g., aggregation layer, helps 
alleviate emerging bandwidth bottlenecks, the last hop is 
expected to be wireless for ubiquity and convenience, e.g., 
low-cost WLAN and home mesh networks [5]. Between these 
two FiWi network hierarchy levels lies the “sweet-spot” 
where optical technologies interface with their wireless 
counterparts. Two important sweet-spot technologies that 
play a key role in emerging FiWi networks are IEEE 8 02. 3 ah 
Ethernet Passive Optical Network (EPON) and IEEE 802.16 
WiMAX. Clearly, EPON and WiMAX networks may be 
cascaded, as proposed in [6]. However, given the similarities 
of EPON and WiMAX (e.g., PMP topology with a central 
control station performing dynamic bandwidth allocation by 
means of centralized polling and scheduling) we argue that 
the two technologies are more likely to target the same 
network segment rather than being cascaded to cover different 
network segments. In other words, we expect that network 
operators will make a choice between EPON and WiMAX 
depending on a number of factors, e.g., right-ofway, and 
elaborate on the techno-economic comparison of the two 
technologies. During the last decade, the techno -economic 
evaluation of various network technologies has been an active 
research area. To meet the different requirements of emerging 
network services, a service migration cost analysis was 
presented in [7]. The cost modeling of the migration from 
best-effort access networks to multi-service Quality-of- 
Service (QoS) enabled access networks based on Ethernet and 
ATM was proposed in [8]. The obtained results show that 
deployment cost savings can be achieved by using 
Ethernet-based access network architectures. It is important to 
note that most of the previous techno-economic evaluations 
focused either on optical fiber only (e.g. [9,10]) or wireless 
only network architectures (e.g., [11]). Up to date, only a few 
preliminary techno-economic evaluations of FiWi networks 
have been reported. A cost comparison of VDSL and a FiWi 
architecture consisting of cascaded EPON and WiMAX 
networks was carried out in [12]. The obtained results 
indicate the superior cost-efficiency of FiWi networks over 
conventional VDSL solutions. In [13], a deployment cost 
comparison of wired (i.e., xDSL and cable modem), optical 
fiber, WiFi, and integrated EPON and WiMAX/WiFi 
network architectures was done. The reported results show 
that a hybrid FiWi network architecture (consisting of EPON 
and WiMAX) represents a costeffective solution for future 
broadband urban area networks. It is important to note that 
next-generation EPON and WiMAX network technologies 
were not considered in [13]. Different FiWi network design 
heuristics were investigated in terms of processing time, 
complexity, and installation cost in [14]. The optimum 
real-estate cost deployment of Optical Network Units (ONUs) 
in integrated FiWi networks was studied in [15,16]. Despite 
these preliminary studies, a more thorough techno-economic 
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evaluation of FiWi networks is necessary in order to gain 
deeper insights into the design, configuration, and 
performance optimization of emerging FiWi networks that are 
based on EPON and/or WiMAX technologies. Moreover, 
recently, the IEEE standard 802. 3av for 10 Gbit/s EPON was 
approved in September 2009 which supports both symmetric 
10 Gbit/s downstream and upstream, and asymmetric 10 
Gbit/s downstream and 1 Gbit/s upstream data rates to 
provide backward compatibility with the current 1 Gbit/s 
EPON. While the line coding for the current EPON is 
8B/10B, the next-generation optical access network (i.e., 
IEEE 802. 3av 10 Gbit/s EPON) uses the 64B/66B line coding 
which reduces the bit-tobaud overhead significantly [17]. The 
techno-economic analysis of emerging IEEE standards 
802. 3av 10 Gbit/s EPON and 802.16m 1 Gbit/s WiMAX 
networks is another attractive research study. 

IF. EPON AND WiMAX TECHNOLOGIES 
We briefly describe only the salient features of both 
technologies in the following. 

EPON Typically, an EPON has a physical tree topology with 
the central office located at the root and the subscribers 
connected to the leaf nodes of the tree. An EPON connects the 
Optical Line Terminal (OLT) located at the central office to 
multiple ONUs (the customer premises equipment) through a 
1 :N optical splitter/combiner at the Remote Node (RN). Each 
ONU can serve a single or multiple residential and business 
subscribers. EPON uses one wavelength for upstream and 
another wavelength for downstream transmissions. Due to the 
directional property of the optical splitter/combiner, the OLT 
is able to broadcast data to all ONUs in the downstream 
direction (PMP). In the upstream direction, however, ONUs 
cannot communicate directly with one another. Instead, each 
ONU is able to send data only to the OLT 
(multipoint- to-point). Time Division Multiplexing (TDM) 
allows all ONUs to share either wavelength without channel 
collisions. To facilitate Dynamic Bandwidth Allocation 
(DBA) and arbitrate the upstream transmissions of multiple 
ONUs, the so-called Multipoint Control Protocol (MPCP) 
specified in IEEE 802. 3ah is deployed in EPON. In addition 
to auto-discovery and registration MPCP uses two types of 
polling messages (i.e., REPORT and GATE) to facilitate 
arbitration. Each REPORT message is used by an ONU to 
report bandwidth requirements of up to eight priority queues 
to the OLT. The GATE message is generated by the OLT and 
contains up to four transmission grants per ONU. Note that no 
specific DBA algorithm is specified in IEEE 802. 3ah [20]. 
WiMAX The initial IEEE 802.16 WiMAX standard was 
established in the frequency band of 1 0-66 GHz, providing 
up to 75 Mbit/s Line-of-Sight (LOS) connections in both PMP 
and mesh modes. IEEE 802.16a provides non-LOS 
connections in the frequency band of 2-1 1 GHz (licensed and 
unlicensed). The WiMAX PHY layer supports different 
modulation schemes, e.g., WirelessMAN-OFDMA 
(Orthogonal Frequency Division Multiple Access), designed 
for various frequency bands. Additionally, the WiMAX PHY 
layer transfers bidirectional data by means of Time Division 
Duplex (TDD) or Frequency Division Duplex (FDD). IEEE 
802.16 is a connection-oriented standard, i.e., prior to 
transmitting data between Subscriber Stations (SSs) and Base 
Station (BS), connections must be established. Each 
connection is identified by a 16-bit Connection Identifier 


(CID). The Medium Access Control (MAC) layer is 
responsible for assigning CIDs as well as allocating 
bandwidth to SSs. The scalability and flexibility of the radio 
access technology and network architecture of the IEEE 
standard 802. 16e, also known as Mobile WiMAX, provide 
various services through broadband connections. Mobile 
WiMAX is able to support multimedia transmissions with 
differentiated QoS requirements through the use of 
scheduling processes. It is important to note that in WiMAX 
no specific scheduling algorithm is standardized; however, 
the following five scheduling services are defined in IEEE 
802. 16e: Unsolicited Grant Service (UGS), 

extended-real-time Polling Service (ertPS), real-time Polling 
Service (rtPS), nonreal-time Polling Service (nrtPS), and Best 
Effort (BE) [21]. 

Table 1 summarizes the technical features of EPON and 
WiMAX. 

Table 1 Technical features of EPON and WiMAX. 
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III.WIRELESS ACCESS NETWORK 
As another promising access technology, wireless access 
network is gaining the notable popularity due to its flexibility 
and easy deployment There are three major technologies for 
wireless access network, including WiFi, WiMax and cellular 
technology. WiFi is mainly used in the local area network for 
the interconnection of User Ends (UEs). Generally, WiFi can 
be operated in both infrastructure and ad hoc modes. In the 
infrastructure mode, WiFi needs to employ an Access Point 
(AP) as a central infrastructure to manage the UEs within a 
limited coverage which is dependent on the transmission 
power level of AP. In the ad hoc mode, all the WiFi UEs have 
the ability of self-management, and they can communicate 
with each other directly in a multi-hop way. The existing WiFi 
standard such as IEEE 802.11 a/b/g/n can support the data 
rate of 54/11/54/300 Mb/s respectively in a range of 100 m. 
Compared to WiFi, WiMax (IEEE 802.16) employs Base 
Station (BS) as the central infrastructure, and it supports only 
the single- hop communication. However, due to the 
less-crowded spectrum, WiMax can provide larger bandwidth 
and longer transmission range. Typically, WiMax can support 
the data rate of up to 75 Mb/s in a range of 3-5 km. Thus, 
WiMax is mainly used for metropolitan-area network. Some 
research organizations have proposed that WiMax will be a 
promising alternative for the wired access technology such as 
DSL and CM to provide the “last mile” broadband access 
service for UEs. Cellular technology is widely used in the 
mobile communication systems, which deploy a BS in each 
cell to mainly support the voice and low-rate data 
applications. According to the 3rd Generation Partnership 
Project (3 GPP) R5 and R6 specification, the High-Speed 
Downlink Packet Access (HSDPA) and High-Speed Uplink 
Packet Access (HSUPA) technologies (jointly known as 
High-Speed Packet Access, HSPA) can provide the data rate 
of up to 5 Mb/s in upstream and up to 14 Mb/s in downstream, 
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respectively. As the evolutionary solution of HSPA, the 
enhanced HSPA (i.e., HSPA+) technology are expected to 
support the data rate of up to 1 0 Mb/s in upstream and up to 40 
Mb/ s in downstream, respectively. Furthermore, the 4th 
Generation (4G) mobile communication system, which has 
gained extensive attention, is estimated to provide the data 
rate of up to 20 Mb/s in upstream and up to 100 Mb/s in 
downstream, respectively. Compared to optical access 
technology, wireless access technology enables users to 
access Internet in a more flexible way and requires a lower 
deployment cost. However, the scarce spectrum severely 
limits its bandwidth capacity 

IV. FIBER- WIRELESS BROADBAND ACCESS 
NETWORK 

As an integration of optical and wireless access technologies, 
FiWi makes an excellent compromise between both access 
technologies by combining the large bandwidth capacity and 
high stability in optical world with the flexibility and low 
deployment cost in wireless world. Thus, FiWi enables users 
to enjoy the satisfactory broadband access service in an 
“anywhere-anytime” way .Generally, FiWi has the 
“tree-mesh” architecture. As shown in Fig. 1, it is a typical 
FiWi architecture composed of two segments, and each 
segment includes a Wireless Mesh Network (WMN) at the 
front-end and a PON (which has a tree topology) at the 
backend. 
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Fig. 1. A typical FiWi architecture (including two segments). 

In each segment, each ONU can drive multiple wireless 
gateways by wired connection to act as the interface between 
the front-end and the back-end (however, there is another 
architecture where the wireless gateway functionality is 
integrated into ONU as “ONU/ gateway” component, The 
UEs, most of which locate at the residential and business 
buildings, can connect to FiWi by using wireless devices. 
Specifically, the UEs first send their packets to a nearest 
wireless router. Then, these packets will be forwarded from 
this wireless router to a wireless gateway in the same segment 
by means of wireless multi-hop paths. Finally, these packets 
will go through the back-end PON and arrive at OLT, where 
they will be injected into Internet. In such way, FiWi enables 
UEs to access Internet with better flexibility and larger 
capacity. In the upstream, the front-end WMN is an anycast 
network where each UE can send its packets to any wireless 
gateway. For the back-end, if WDM-PON is used, it is a P2P 
network where each ONU can communicate with OLT by 
using a separate upstream wavelength channel; if TDM-PON 
is used, it is a P2MP network where all ONUs share the same 
upstream wavelength channel by means of TDM technology. 
In the downstream, if WDM-PON is employed as the 
back-end, OLT can send the packets to each ONU in a P2P 
way by assigning each ONU a separate downstream 
wavelength channel; if TDM-PON is employed as the 
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back-end, OLT can broadcast the packets to all ONUs in a 
P2MP way by making all ONUs share the same downstream 
wavelength channel. In this case, each ONU decides to accept 
or reject the received packet by examining whether its 
destination address is matched. For the /front-end WMN, it is 
a unicast network where each packet from wireless gateway is 
destined to a specified wireless router. The advantages of 
FiWi over the other existing access technologies can be 
summarized as follows: (1) Compared to wireless access 
network, FiWi can provide larger bandwidth capacity and 
better stability by means of the back-end PON, so as to reduce 
traffic blocking rate and packet loss rate. (2) Compared to 
optical access network (i.e., PON), FiWi can provide wider 
coverage and more flexible access by means of the front-end 
WMN which also 

makes FiWi have a shorter fiber reach and thus reduce the 
deployment cost .More importantly, the front-endWMN can 
not only self-heal from the failures but also enhance the 
survivability of the back-end PON, because its mesh topology 
can provide alternative routes. For example, once a 
distribution fiber in a segment fails, the traffic interrupted by 
this failure can be transferred to other available distribution 
fibers in the same segment by means of wireless multi-hop 
paths in the front-end WMN. Thus, FiWi is a promising 
solution for the next-generation broadband access network 
which aims at larger bandwidth capacity, better stability, 
lower deployment cost and more flexible access. 

V. CHALLENGING ISSUES 

we can briefly characterize the existing FiWi research on the 
survivability and energy- saving issues as follows. 
l.The survivability and energy-saving in FiWi are two 
up-to-date issues, whose related works are conducted just 
recently. However, both issues have been gaining the 
increasing attention due to their significance in optimizing 
network performance. 2. The heterogeneity of FiWi 

architecture results in its variety of failures. The existing 
works on survivability in FiWi mainly aim at the protection of 
the back-end PON against optical component failure. 
However, the protection of the front-end WMN against 
wireless router failure is seldom mentioned. While the 
protection against radio interface failure and wireless link 
failure due to co-channel interference remains untouched. 

3. Most of related works consider enhancing the survivability 
of the back-end PON by deploying backup resource such as 
backup fibers and backup ONUs. However, these works 
usually refer to an excessively redundant deployment of 
backup resource, thus they require huge cost of backup 
resource. Furthermore, these works extensively use ILP 
models as the optimization technique. Most existing works 
consider the front-end WMN to be singleradio- 
single-channel, while the multi-radio-multi-channel front-end 
is less mentioned. However, the multi-radio-multichannel 
front-end can provide FiWi with a higher connectivity that 
contributes to the survivability, thus it is necessary to 
investigate the survivability in FiWi with a 
multi-radio-multichannel front-end. 

4. Most existing works on survivability aim to protect the 
wireless front-end and the optical back-end independently. 
However, the interactive design between survivable front-end 
and survivable back-end is seldom mentioned, which is an 
important issue for the global survivability of FiWi. Thus, 
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there is an urgent need to investigate the joint wireless-optical 
protection method. 

5. FiWi is expected to support a variety of services. Thus, the 
survivability scheme designed for FiWi needs to consider the 
difference in service demand. For example, the high-level 
service such as delay-sensitive service usually requires a 
faster restoration of the interrupted traffic when failure 
occurs. Therefore, we are motivated to investigate the 
survivability scheme with differentiated protection for 
various services. 

6. The failure probability varies among different network 
components due to their difference in the geographical 
location and internal structure. Thus, the working network 
resource usually has different reliability that is dependent on 
the failure probability of its associated network components. 
We do not have to reserve the backup network resource for 
the working network resource whose reliability satisfies the 
requirement. 

VI. CONCLUSIONS 

We discussed the basics of EPON and WiMAX which are key 
technologies in emerging FiWi broadband access networks. 
The power consumption of EPON is smaller than that of 
WiMAX. EPON is superior to WiMAX for deployment 
scenarios where network failures are less likely. WiMAX is 
more cost-efficient than EPON, especially in suburban and 
rural areas with a small population density.. In fact, EPON is 
able to provide data rates well above 75 Mbit/s since once put 
in place, EPON can be upgraded to much higher data rates by 
means of advanced TDM and/or WDM technologies (see, 
e.g., IEEE 802. 3av 10 Gbit/s EPON Task Force) without 
requiring any modifications of the installed fiber 
infrastructure. In terms of power consumption, the difference 
between next-generation EPON and WiMAX becomes 
smaller than in current EPON and WiMAX networks. 
Moreover, next-generation EPON and WiMAX networks 
consume less power than current EPON and WiMAX 
networks per each Mbit data. 
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